Purpose: The aim of this study was to measure social participation in children with traumatic brain injuries (TBI) on their parental perceptions, retrospectively for the pre-injury period, at the beginning of rehabilitation and one year after return to school. Methods: This study was conducted among 17 children aged 5 to 17 years old with moderate or severe TBI and their parents. Social participation was assessed using the LIFE-H for Children (1.0). Results: A significant decrease (p ≤ 0.001) in the level of accomplishment of life habits was found for all categories between the measurements taken pre-injury and at the beginning of rehabilitation. Significant differences (p ≤ 0.002) related to the increase in the life habit accomplishment scores were also found between measurements taken at the beginning of rehabilitation and one year after return to school. Conclusion: TBI significantly affected the accomplishment of life habits of the participants compared to their pre-injury level. The assessment of social participation at various times provides a report on the client's progress and allows clinicians to update his or her intervention plan, to plan follow-ups or to end the intervention. This knowledge must be considered by anyone involved in helping these children to achieve their greatest social participation. * Mr. Louis Doré deceased on 1st October 2014. # Corresponding author.
Introduction
There seems to be a broad consensus that social participation is the ultimate goal of the rehabilitation process [1] - [4] . In this study, we refer to the conceptual model of the Canadian Disability Creation Process (DCP). It provides a clear definition of the concept of social participation as being the result of the interaction between the individual and his/her environment [5] . In this concept, individuals are empowered to accomplish their life habits, which are the daily activities and social roles that are meaningful to them. In the Canadian classification, all life habits, even daily activities, are always understood as cultural constructs [6] - [9] . Although this social participation dimension is essential for anyone, it is crucial for children with physical disabilities because their development is uncompleted and sometimes jeopardised for those who acquire a TBI.
There has been a rapidly growing body of literature about the social participation of children with physical disabilities in the last decade [2] . Restrictions of participation have been reported in many studies, primarily in terms of education, recreation, community life, personal care, mobility, relationships with friends, as well as in outdoor and social activities [10] - [16] . Donkervoort et al. [17] also showed evidence that adolescents and young adults with cerebral palsy experience difficulties in the accomplishment of life habits related to daily activities (mobility, personal care and nutrition) as well as to their social roles (responsibilities, community life, recreation and employment). However, a great deal of variability was observed in their levels of participation [10] [13] [18]- [22] .
In contrast, little research had specifically focused on children with traumatic brain injuries (TBI) in the beginning of this last decade, and the studies published have been mainly conducted by Bedell et al. [23] - [28] . Recently, more articles have been published and support their findings; Anaby et al., Foo et al., Law et al. [29] - [31] and a narrative review by Van Tol et al. [38] . According to these authors, children with TBI or Acquired Brain Injury (ABI) experience a lower level of participation. Foo's and Bedell's works showed that participation is specifically lower in community (and neighbourhood), school and home activities [28] [30] . Amongst Bedell's works, one study conducted among 60 children, adolescents and young adults (3 -27 years of age), showed restrictions in social participation, mainly in structured community events and activities, social and play activities involving peers at school and in the community [28] . Less significant restrictions were observed in mobility at home, school, and in the community.
Furthermore, children with ABI have lower diversity and intensity of activities than typically-developing children [31] . In this study, Law et al. [31] comparing 135 children with ABI to 354 typically-developing peers demonstrated that children with ABI participated in fewer activities and less frequently except for intensity in social activities as measured by the Children Assessment of Participation and Enjoyment. These authors have observed that rates of participation in activities (diversity and intensity) tend to decline over time (over 1 year after return to school) [29] . However, brain injury could explain lower intensity observed in this group while the diversity of activities could be mainly influenced by children's preferences. In their review, Van Tol and collaborators reported same conclusions about participation of children with ABI. These children experience poorer adaptive functioning, have lower social competence, fewer friends and social activities [32] .
The overall findings are generally consistent with those of studies conducted among populations of children with multiple physical disabilities. Mancini's study (2000) [33] (n = 341), including 13 children with TBI, also showed evidence that children and adolescents experience participation restrictions in school. Furthermore, two studies conducted among 124 young adults (aged 18 to 30) and 50 adults survivors (aged 19 to 30) who sustained a TBI during childhood or adolescence reported that the aspects related to education, employment, recreation and interpersonal relationships still affected them as adults [34] and those with more severe injuries were more likely to have educational and employment problems [35] . Rehabilitation interventions aimed at achieving the optimal level of social participation for children with TBI, at maintaining them in their own life environment and providing support to the community loom larger once the acute rehabilitation phase is completed. They focus on reducing the impact of difficulties and on enabling the child to reach their full potential. Moreover, the late onset of some complications related to skills that were not acquired or immature at the time of injury and the increase of environmental expectations and requirements support the relevance of monitoring the progress of children following rehabilitation [36] .
The number of measurement tools specifically designed to assess participation in children is limited. Bedell and Coster [23] described four (4) measurement tools specifically designed for this purpose. They specified that people who are interested in conducting a thorough assessment of the various areas of participation should consider the use of the Assessment of Life Habits -Adapted to children (LIFE-H-Children). McConachie et al. and Morris et al., [37] [38] also concluded that this tool would be appropriate to assess participation in children. Based on the conceptual model of DCP, the LIFE-H is a valid and reliable measurement tool for the assessment of social participation [11] [39] . Additionally, some authors who reviewed ICF-based tools for measuring social participation concluded that the LIFE-H items are closely related to the social categories of the ICF's domains of participation [23] [37] [40] [41] .
Although evidence shows that children with TBI face difficulties in social participation, and that valid and reliable tools are available to document their level of participation, few longitudinal studies were found. Only one study presents follow-up measures of participation levels with children sustaining ABI where data were collected three times over 1 year following return to school for 136 children with ABI [29] . None of the reviewed studies deals with the changes in their level of social participation overtime, whether by comparison with preinjury levels, with the exception of Donders and Ballard (1996) [42] . These authors used the Child Behavioral Checklist (CBC) to evaluate pre-and post-injury outcomes. However, this tool is not based on the conceptual models of social participation. Moreover, only few items on peer relationships, leisure time and school performance are included in the CBC.
The aim of this study was to measure the evolution of social participation in children with TBI retrospectively in pre-injury, at the beginning of their rehabilitation program and one year after return to school based on their parental perceptions. The research question was: which life habits will present moderate or severe restriction at the beginning of their rehabilitation program and one year after return to school.
Method

Participants
A convenience sample was formed following the approval of the study protocol by the Research Ethics Board of the Quebec City Rehabilitation Institute (Institut de réadaptation en déficience physique de Québec or IRDPQ). The participants of this study (n = 17) were children aged 5 to 17 years old with moderate or severe TBI benefiting from services provided by the IRDPQ's program for children with TBI ( Table 1 ). The severity of TBI was based on the Glasgow Coma Scale.
Material
Social participation was assessed using the Assessment of Life Habits -Children (LIFE-H for Children 1.0) [43] which is recommended to thoroughly assess multiple domains of social participation [23] [37] [38] . This valid and reliable measurement tool presents psychometric properties that have been considered excellent (internal consistency: 0.82 < ICC < 0.96; intra-rater reliability: α > 0.90). This questionnaire documents the level of accomplishment of 64 life habits organized into twelve (12) categories (Table 2) [11] [39] . These cover a set of daily activities (e.g. eating meals, communication, mobility) and social roles (e.g. going to school, maintaining social relationships, taking part in recreational activities) typical of children according to their socio-cultural background. The Life-H is an outcome measure but this study cannot provide efficacy results because the independent variables related to the capacity, services and environment were not controlled.
The assessment is based on two concepts: the level of difficulty when performing a life habit and the type of assistance required (assistive device, adaptation and/or human assistance). An accomplishment rating scale on a continuum of ten levels (0 to 9) combines the two concepts. A score of 0 indicates that the individual is experiencing a full disabling situation (lack of the possibility to accomplish a particular life habit as the result of the individual/environment interaction), whereas a score of 9 points is the sign of an optimal level of social participation (life habit accomplished without difficulty or assistance). A standardized score between 0 and 10 can be established for each life habit category and for the overall tool (total score), taking into account only the items relevant to the child's life. To get the standardized score for each category, one does the sum of scores of each life habit multiplied by 10 and divided by the number of relevant life habits multiplied by 9. To get the total score, one does the sum of standardized scores of each category divided by the number of relevant categories.
Procedures
The parents received information regarding the study from clinicians of IRDPQ's program for children with TBI.
Those parents who wanted to participate were invited to sign an informed consent form. This study was approved by the Ethic Research Board of the Institut de réadaptation en déficience physique de Québec. Data collection was carried out by an experienced clinician who received training in how to administer the measurement tool. He completed the interviews with the parents at the rehabilitation center or at parent's home according to their convenience. Parents were acting as proxies for information because children were too functionally impaired to complete a questionnaire at the beginning of the rehabilitation. The LIFE-H for children was administered for three measurements: retrospectively for the pre-injury period, at the beginning of rehabilitation and one year after return to school. The first testing session was conducted when the child arrived at the rehabilitation center. This session included the pre-injury and the beginning of rehabilitation data collections. For the pre-injury, where parents recalled retrospectively the participation status, there was 32 days (±23 days) between the injury and the first testing session. The return to school for the participants took place 7 months (±4 months) after the beginning of their rehabilitation interventions. The emphasis in the rehabilitation program at the Quebec City Rehabilitation Institute is usually on achieving the earliest possible return to school for the children, in order to facilitate the resuming of life habits in their usual settings, even if rehabilitation interventions need to be prolonged. The active process of rehabilitation is variable but usually completed after one year following their return to school.
The characteristics of the participants including the Glasgow Coma Scale were collected in the medical records.
Data Analysis
Descriptive analyses (i.e. median, percentile) were performed for the scores of each life habit category (n = 12) at each of the three measurement times. The accomplishment level was divided into three categories [44] ; scores between 0 and 3 were identified as "severe restriction", scores between 4 and 7 as "moderate restriction" and scores of 8 and beyond as "no restriction", which also means a high level of social participation.
Nonparametric tests (Friedman's ANOVA, Wilcoxon Signed-Rank Test) were also performed in order to identify the presence or absence of significant changes in the accomplishment of life habits over time. The findings of two categories, community life and employment, could not be analyzed given the very small number of respondents for which these items were relevant.
Results
Pre-Injury Levels of Social Participation
Approximately 25% of the participants reported that their child experienced moderate restrictions (scores between 4 and 7) (Figure 1) . Pre-injury restrictions were observed for the life habits related to nutrition, communication, and education and more than 50% of the participants showed moderate restrictions with the responsibility items. Otherwise, for all other life habits that were analyzed, majority of participants reported no restriction for the accomplishment level of their child (scores between 8 and 10).
Levels of Social Participation at the Beginning of the Rehabilitation
On admission, all participants reported moderate or severe difficulties for their child in five categories: fitness, mobility, responsibilities, education, and recreation. For the other five categories: nutrition, personal care, communication, housing, and interpersonal relationships, more than three quarters of the participants reported that their child experienced moderate or severe difficulties (Figure 1). 
Levels of Social Participation One Year after Return to School
For this time measurement, a majority of participants reported a high level of participation for their child in items related to nutrition, fitness, personal care, housing, interpersonal relationships, and recreation. In this case, however, many participants still reported their child having moderate difficulties, namely in items related to communication (31%), mobility (50%), responsibilities (50%), and education (63%) (Figure 1). 
Comparison between the Three Times of Measurement
A significant decrease (p ≤ 0.001) in the level of accomplishment of life habits was found for all categories between the measurements taken pre-injury and at the beginning of rehabilitation (Figure 1) . On the other hand, significant differences (p ≤ 0.002) related to the increase in the life habit accomplishment scores were found between measurements taken at the beginning of rehabilitation and one year after return to school (Figure 1) . Also, significant differences were measured between pre-injury and one year after return to school scores in the mobility and education categories, where the scores were significantly lower one year after return to school (respectively, p = 0.005 and 0.034). 
Discussion
This article describes the level of social participation in children with TBI assessed by measuring their level of accomplishment of life habits in home, school and community settings retrospectively for the pre-injury period, at the beginning of rehabilitation and one year after return to school.
To our knowledge and according to Swaine (2012) [45] , this study is the first to measure retrospectively pre-injury levels in all domains of social participation in children with TBI. This provided insight into pre-injury social participation. In fact, the findings reveal that approximately 25% of the participants were already experiencing restrictions in the accomplishment of some life habits, especially in categories such as nutrition, communication and education; and more than half of them in the accomplishment of responsibilities. Various factors might explain these findings. Based on their review of the literature, Max et al. (2004) [46] indicated that between 10% and 22% of children with TBI were also diagnosed with attention deficit disorders with hyperactivity prior to their injury. Woodward et al. (1999) [47] showed that 17% of children with TBI had learning disorders and 11% had emotional or behavior disorders. These rates are consistent with the information found in the participants' medical records, even though formal diagnoses for these disorders were lacking. Trauma and injury prevention are matters that should be studied further. Prevention programs should focus more on groups likely to sustain TBI.
Findings show that TBI significantly affected the accomplishment of life habits of the participants of this study. Subsequently, during the rehabilitation process and the return to school, children showed improvement in the level of accomplishment of all items. However, one year after return to school, difficulties were identified, especially with respect to items related to communication, mobility, responsibilities and education, in which difficulties remained for many participants. Additionally, for a small number of them, difficulties were still reported for items related to personal care and interpersonal relationships. This means that life habits categories related to participation at home, at school, and in the community are affected by TBI or physical disabilities [10] - [17] [24] [28] [31] [48] . Identified in all the reviewed studies as affecting participation of both children with TBI or physical disabilities, education was reported by the highest number of participants (75%) as being the item in which many children experience difficulties. Education and interpersonal relationships are quite likely to be reported as the items with the most difficulties experienced in adulthood, as suggested by Anderson et al. [36] in a study conducted among 124 young adults who sustained TBI during their childhood or adolescence. Also, Sirois et al. (2014) [49] showed that adolescents and young adults think that they will always experience difficulties in the accomplishment of items related to education in the future. Similarly, interpersonal relationships are a major concern for them as they identified the need to maintain good family relationships. Given the importance of education for primary and secondary school-aged children, and the dominance of interpersonal relationships in all aspects of their life, difficulties in these life habits could have a major impact on their quality of life and that of their family.
Furthermore, present findings were not similar to those published in earlier studies. In fact, half of the participants in this study reported that they were still experiencing difficulties in mobility one year after return to school. While Bedell and Dumas (2004) [28] found that the less significant restrictions of participation of their population of 60 children, adolescents and young adults were generally observed in mobility. However, some of their participants were diagnosed with conditions other than TBI, and since their findings were not specific to people with TBI, they cannot be fully compared with the current findings. Also, the measurement tool they used was comprised of only one mobility-related item, which may have masked the presence of difficulties in this category. Mobility-related items assessed in the LIFE-H, such as the mobility in community item "Moving around on streets and sidewalks including crossing streets", not only require motor skills, but also cognitive and various other skills. Clinical evidence shows that mobility-related difficulties may be caused by limitations in the ability to orient oneself, fear of traffic, and parental overprotection.
Recreation was identified as presenting restrictions in all of the reviewed studies in children with TBI except for intensity in social activities [31] . However, present results did not support these findings. Participants actually reported a very low level of participation for the recreation category on admission, and although they did not recover their pre-injury level of participation one year after return to school, there were no significant differences between the pre-injury and one year after return to school scores. Discrepancies between the present findings and those of previous studies may be partly accounted for by absence of a comparison with pre-injury participation levels in the previous studies and the different measurement tools. For the latter point, it is possible that different tools have different sensitivities for a given life habit category. The clinical experience shows that children with TBI have very little leisure time in the long term and often become quite isolated. Future studies with a larger number of participants than in previous studies could help to give more information about recreation.
No control group was used in the present study and few data are available in the literature on the participation levels of children without disability. The first data gathered in the general population were from a study on children with Developmental Coordination Disorder (DCD) (n = 27, 5 to 13 years old) and the group of comparison composed with 27 children (5 to 12 years old) with typical development [50] . Findings showed that group participants with typical development have experienced full accomplishment of their life habits as assessed by the LIFE-H for Children. Although these participants had no restriction, scores of responsibility, fitness and personal care categories showed the most variability. It could be assumed that a comparison group of typically developed children from 5 to 18 years of age would not have experienced difficulties in the accomplishment of their life habits. Law et al. [31] have described and compared the participation patterns of children and youth with (n = 135) and without ABI (n = 354). The relative proportion of participation diversity in activities of both groups has presented a similar trend: physical and skill-based activities are less frequent than recreational, social and self-improvement activity types. Although children with ABI were engaged in similar activities than typically-developing peers, they presented a lower level of participation. Problems related to ABI could explain they avoid some kind of activities like physical and skill-based activities and should be considered in rehabilitation program. In fact, activities involving fewer rules and structures (e.g. talking on the phone, listening to music) could be easier to children with ABI.
One of the main limitations of the study was the small number of participants, which prevented from generalizing the findings to the rest of the population.
Also, despite the intent to document the perception of participants aged 10 years and older, which is considered clinically valid for the LIFE-H, it was impossible because children were too functionally impaired to complete a questionnaire at the beginning of the rehabilitation. But, parents could have different perspectives than the children. However, according to Young et al. (1995) [15] , there should not be significant differences between parental answers and those of their children with regard to their physical disabilities. More specifically, Prigatano and Gray (2008) [52] showed that the parental perspective related to the recovery and reintegration of their child or adolescent with TBI into society (n = 80, 6 to 16 years old) indicated a good validity. Erhart et al. (2009) have reported similar findings and have concluded that proxies reports provided slightly higher reliability and thus are favoured for the assessment of small samples [53] . Furthermore, the recall of parents, for the preinjury information, could have been viewed in light of the experienced trauma. Another limitation is due to the fact of no functional or environmental variables were controlled during the study, so, the results could not be attributed to the efficacy of the rehabilitation interventions.
Conclusion and Clinical Impact
The results of this study show that children and adolescents improve their level of social participation during the rehabilitation process. However, some of them still experience difficulties regarding the education and mobility categories and require to be supported on a long term in their social participation. In fact, despite their recovery, the presence of difficulties in the accomplishment of life habits highlights the importance of providing long-term support in the aspects that are affected.
The assessment of social participation using the LIFE-H for children has led to the standardization of its use for clients in IRDPQ's program for children and adolescents with TBI. When possible, taking into account both perceptions of clients and of their family, these data are used, to identify interdisciplinary rehabilitation goals and plan interventions which, before, were more capacity oriented. The LIFE-H can be used as measure of progress in social participation during rehabilitation, which can lead to more effective interventions aimed at supporting children and adolescents in achieving their optimal level of social participation. In addition, the use of the LIFE-H facilitates the long-term follow-up of clients in order to screen those who require additional support. It would be interesting to conduct a similar study with a larger group of participants.
